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(57) Abstract: 

PROBLEM TO BE SOLVED: To completely eliminate void 
defects close to the surface by removing the inner wall 
oxide film of the octahedron void close to the surface 
of a semiconductor Si wafer of a Si single crystal 
formed by Czochralski method, by heat treatment in a 
hydrogen or inert gas atmosphere, and by implanting 
interstitial Si atoms by the subsequent oxidizing heat 
treatment 

SOLUTION: The inner wall oxide film of octahedral voids 



of a semiconductor silicon wafer is removed by high 
temperature heat treatment which uses hydrogen or inert 
gas or their mixed gas, then, interstitial silicon is 
forcibly implanted by heat treatment in an oxygen 
atmosphere or in a mixed gas atmosphere of oxygen and 
an inert gas to fill the octahedral voids close to the 
surface with the interstitial silicon, and the 
octahedral voids are completely eliminated. The first 
hydrogen and/or inert gas atmosphere heat treatment is 
performed within a temperature range of 1150-1250°C for 
approximately 1-4 hours. The subsequent oxidizing heat 
treatment is performed within a temperature range of 
1150-1250°C for approximately 1-2 hours. 
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m<D^^— ^*#&W^ft£r0. 1 /z m — 1 0 n m£i~£ 
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X\ ^T^ai^N^Tk^X^Stt^&Sl/Mi-tOS 
^^{CliSjafeaSrllfi^-i:, ^ffiffi^Gr own - 

[0027] ^rr% ^<z>*W-cte, SR*«xiWiS 

r own - i n>:RS^rt*iMfcttSrBfe*Ufc«, tt3R£ 

gfiffiijwtJi^M^y =>^AU *ffiifi«^G r o w 

n - i n4cffeSr»T-M^y =^-Cffi«>Sr t^«fc!9^^: 

[0 0 2 8] ^cog*, K*#ia^"e<z>sa«L3l-ctt, 
Wi/y 3^IS^dsaAS*tTBI*WW»co»W^!B^* 
fgi ^xs/^-CTkSfXtt^iStt^feSVN^-t 

[0 0 2 9] 8utfi©**«7GRTAfett\ ^M<OMt^^F 
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o/cW(7)G r own - i n^cPfi^rtiSKfklRSrS*?* 
[0 0 3 1 ] *3t»5cRTAS;fci:, f&W-ffiXW 
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n - i n^i&£ffi^£^5fc#>, *ffiC9G r o wn- i 

10 ftfflW^y = vSrjRHWfctt^WJ: 9 

•ea£A*i3:5fcft. #b*tS ^tt-tO*ffi^?> 1 
0 //mSWG r o wn - i n ^Pfe 7 y — ffi$Lffil&l$L S 

[0 0 3 2] r<Z>*W(^*3V^-C, ftW^TKSRXt^/Xtt 
^ett#*#ffl^!»&Jlf;i\ ^ftffiaSa* 10 0 0 

0 0 0 , C«±iSS»*L< , ^^»i 3 5 0% 

20 ?§SfeBgjHfc^CSfc«>l 3 5 0°C^T^#* LV\ £ ib 
bV^a^OEfflfil 1 5 Ot^fe 1 2 5 ot-cfc 

[0033] **at^/^stt^f^#H«^i»te 

ioo o'C-eras oi$reaftasjfcgT?fc5o -<£>fi#J<£> 
iSM^a^, l< i 2 o o^Hu^^ia^ttHT? 

[0034] *{^<^t^a^, f»iMb«-J:9+» 
^smat^y ^^w^^&K^^t-ma^s o ot;&i 

30 JiSri^Kt-rs^, ±Pgaftte_hfi2^ y ty^^Ba 

Hf*l 1 5 0 12 5 Ottfc^o 
[0 0 3 5] BMtf»«S«Fn», rtl8BMbR©Bfe 

*SttfcG r o wn - i n^R5^rM^^^^t^(C 8 0 0 

[0 0 3 6] $ 5>^ro3SWC0/Sfflt IT, r^P^t- 
[0 0 3 7] ^/c. 
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[0 0 3 8] 

^^^e4>^<D^>V-zf^fhtz^^m (10 
0 ) , SOJBSat »tf 14. 5X10 17 atoms/cm 
3 (o 1 d ASTM) ^ftJt&ttffiWBKSixfcS i ^ 

— ^8t/bv\ 120 o°ct-i ^mco^mwm^com^ 

m^M^f^t^^-^ (a) il 2 0 0ttlfiFffl* 

ffiu w:K7^fii#igti2oot:, iB#ra<^*a 

*fl;3aS:16bfc*«M^>9^— ^ (b) Srf^SStLfeo 

[0 0 3 9] #feJxfc2«iS^9 3i— ^i^ffi^fe, * 
WHl//m, 3 m, 5 fi m, 1 0 m^SiSIi 
SrfTV\ SC - 1 jfefrS: 6E])ift!9igL^i^iOU— if— ® 
tfcg&T?^H<Z> LPD (Light Point Def 
e c t s) ^ffirt^SrSJ^L^iifeSSrigi ^"t-o 
[0 0 4 0] 01 <0S;&HJ<Z>7K*T /K£>*"Cfc* r> oi 

[0 0 4 1] SfcM, mWx-/N©LPD?:AFM 
»^S:fT5i:^ *i7^-;WWGrown - i n 

[0042] t^, ^nbv^—^<Dmikmmf±%?m^ 

[0 0 4 3] MMM 2 

mmmi tmm<o^^^ mmmmmm : 1 o. 2- 

14. 5X10 17 atoms/cm 3 ) §rffll/\ 0 2[^ 
*^fS&*&35^— ^^T7/V^>#i^t(Z)G r o wn 

[0 0 4 4] #e>*tfe2ffiS<7>!>3i— ^ic:*BJ&^ 3 n 

<Z>ffirt#*£jM3£bfc 0 03 fci^ac— ^HrtMO. 10 
5 u m£A_k<£>if->f X-Ctft*P$nfc<B«cS:*-t-o 12 0 0 
°C-e 2 . 5 NPM^T/^=f ^#fflSC"C<^f!ft«!f3SS: bfc £ ^ 
— ^ TfMrtM2 0 0figSLPD^#ft 

3*^-^ (SABD ffiioigSL^LPDfi#S 
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fc*3, 0 3<7)e«PP^^S T >^-^*^-r o 

[0 0 4 5] :^)2ii©ty7;^K7^i 

^ti^Tti o o o°c, i emfSKDmtim&t&v, & 

xw^^Bi, Wr i g h t^^f^X 1 )^:^ 

a^^w^i^s x i o* c m z umx*ibX) , mt 

[0 0 4 6] Hififlfl 3 

hdS#38bT^5::£&«fcBLfcf£. §I£^T1 1 5 

[0 0 4 7] Z.(Df$MMW:<W^— ^Sr#^r*E^b 
0. 5/zrm 2 // mG9$EHWSS:li6 LfcS, ^ 

20 # ^ - t #S%gg $ thfco 
[0 0 4 8] HJfi0S4 
MMl ^Is]^ty^7 0 ODSA, W8 0 0 
( CSA^2*f*t?fTV\ -?r^«, 1 2 0 0t;tT^ 

^^^rf- 0 i»7i, r^f-^^S: K9>T»3R# 
ffl^T-e lOOOt, 16 B^BBcofSftSQiaSrJfi b ^ m — ^ 
— #HH£. Wr i ghtxjyfy^t!?*^^ 

[0049] 700 tjaAf-v-X/v-efiK^W ttJ*** 

30 fi4-6X10 5 cm"\ 8 0 0 ^SAI^^^teR 
**fW»**tt0. 3-lX10 5 cm- 2 tfc^ if 

«f a»*«ttaA«a**5S^ J: o Tffl#H- 5 n t as *rflB 

[0 0 5 0] HJ60U ^P^Oi^^X/^^7 0 0 

tgAi, 3 0 5>{R«fS^ *:<D& 1 2 0 0°C$t#M 
*^:l«FW««r«, K^^^#IS^T^10#P^^^ 

#fa***Sr»I^Lfco ^©H-v/^««tt8 x l o 

40 [0 0 5 1] WMM 5 

0 4 Ait*i-ii#<oy7 h^^y/s, «aieiR 

SrJfeU d^Klie4^^»AP 5 J; 

1 2 Otfc-tr s> b L.T/V-=f^^#ll^T"ei 1 5 0°C, 

3. 5«FWof»*aasri6bfco 

[0 0 5 2] ^Of»j&Si!?ai— ^SrJppffifflrl^fel Otfc 
60ftl, 1 1 0ftBO!>zc— ^Srft#S9*BB± 

50 fc 0 10ft@t2 1nm, 60ft|f 15nm, 110 
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[0 0 5 3] a!?^^^— ^tt2^/U— ^^^SiJLfc 0 

ttil-TL PD»J^*fTofc«, AFMli^fTo/c 0 
M15:ltt^V^l^!>^^^Gr own - i 
n^R&CDrt|f^>fbSi/?i-Jt-<. *HJ6fi?iJC0G r o wn - 

[0 0 5 4] fc 0~-^<O^/>—^<D^^—^\^ 115 
±fS;jPX^tro7cm^A FMM^^tTo/ci 0 Grown 

[0 0 5 5] *Jfefl»J 6 

*^co^rt^A^BSibi-5fe^j^p^^-r * ^jtf*^ 
— ^SMWrtjfA^^ 5/ ^ r JMi L/cf§!^&^« 

1 0KJ\ ^fflJi^-^ffl^^^AP 1 1 §:#U ^o^f 
SJ¥*o^ ^ ^ r — Jf 1 2**«LT^/^ S^FLl 3 

tOjfFP 2^/B6M4fi<£>3f ^ 3^2 O^JSffi^—v'fll 
rf^mA P 2 l SrBBSt U j&>oBfBJ5*£v* y7r — B 

2 2Sr*«SUTV^ 0 

[0 0 5 6] ±IE«^ty^l0, 2 

fliSltfR^^-r^^-^Sri 2oftt^hLT^^y# 

K^KffSrSJ^bfco l?P2WH0ftl, 60ft 
1 1 0ft|^T2nmTfcofc 0 W<7)§M« 

flsK^BteKih-c* art ^t>^S 0 

[0 0 5 7] r^i^-^^/uSr^ffi^^ 2 mffl£BoW«4: 
jffiL^AFM«tRS:fTofc^G r o wn - i n^ft&co 

IEJPXSrfTo^^AFM«!SS:ffoyho Grown-* 
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1 OMmgSttlS^WW^^r^^J, ^ 

20 [Hi] ^^Effvy = >^i>3i— ^^sa^b^sai Si l 

[0 2] A, Bfi*JteW^*5^Sjj&«!f3acoe— 

[B3] «0*B»*»«i:*E^LPD^ffirt»*t«)Bi 
[04] Att«*<©«®ia;Sfc*F^«WfRWH, b, cm: 

1 s/s^ 

30 2 jt^P 

3, 10, 20 ^^^^ 
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12, 22 /^;7; — Jl 
1 3 isft 
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